The familiar trace identity associated with the scale transformation 
1.Introduction
The Casimir energy [1] 
with µ = ν = 0.Thus the measurable energy density of the vacuum would be defined as the difference between that in the constrained field configuration and the one corresponding to the unconstrained field. Of especial relevance to this paper is the fact that To take this connection further and to elaborate further below on the motivation of this paper we recall that the trace identity associated with the massless free real scalar field Lagrangian density in 3 + 1 dimensions, 1 2 L ν ν φ φ = ∂ ∂ , is given by [3] ( ) a somewhat more detailed discussion using the methods of Coleman and Jackiw [3] will be presented later in the paper.
Let us now motivate the work reported here: Labelling the two terms in eq. (3) 
is not preserved in 2 + 1 dimensions (wherein d = ½ ); or, to make our point, while (5) To stress our point of view therefore, this paper shows that within the framework of the Casimir effect there is a qualitative difference between 1 + 1 and 2 + 1 dimensions in so far as the maintenance of the trace identity represented by eq. (5) is concerned. The difference manifests, as will be evident later, in the appearance of an anomalous term with a numerical coefficient equal to the canonical scale dimension d = ½ in 2 + 1 dimensions -see eq.(60) and the succeeding remarks below -there being none in 1 + 1 dimensions as d = 0 in this case.
The introduction of a single plate on which the Dirichlet boundary condition holds has been done here to focus on not the Casimir effect per se, it being now well established experimentally [4] , but to underline as a byproduct of this report how even a minimal change in the unconstrained configuration, i.e. free space, implied by the presence of a single plate as a boundary in the constrained case leads to hitherto unsuspected differences in 1 + 1 versus 2 + 1 dimensions in so far as the validity of the trace identity is concerned; indeed, the trace identity in 1 + 1 dimensions given by eq.(5a) will be found below to be trivially satisfied in both the configurations.
This departure from the use of a pair of parallel conducting plates separated by a distance that was adopted in the original Casimir calculation [1] to a single plate in this paper has been done deliberately and to the best of our knowledge the subject of this paper has not received attention in the published literature [1, 2 ,4 ] . We have however persisted with the use of the term 'Casimir effect' in the title of this paper if only to:
a. acknowledge that the work done here has been inspired by it and, b. simultaneously highlight how even a minimal modification of the unconstrained configuration with a single plate as opposed to the not so minimal two plate version adopted in the Casimir to obtain a modified dilatation current without the field virial. Sec. 2 is also routine for the learned reader and is included here merely for the sake of completeness, with the explicit verification of the trace identities given in eqs. (5) and (5a) for the unconstrained configuration being taken up in sec.3. Sec.4 is the main part of this paper and we present therein firstly, an explicit verification of (5a) with a redefined generating functional -following Bordag, Robaschik and Wieczorek [5] -for the connected Green's functions which incorporates the Dirichlet boundary condition ϕ(t ,x 1 = -a) = 0; this approach is then repeated for a similar check on the maintenance of eq.(5) in 2 + 1 dimensions. The paper concludes with a short Appendix that includes some of the relevant equations that one needs to work with in sec.4.
2.The derivation of the trace identity
We begin with the Lagrangian density
for which the canonical energy momentum tensor is (6) the utility of (8) lies in providing a simplified version of D λ in eq. (12) below. Indeed, with eq. (8) we can now define
so that ˆĉ µν
With (9) and (10) eq. (7b) now becomes ( )
The antisymmetry property of the X λ ρ µ ν mentioned above now helps us to infer [3] that: a. the second term in (11) can be dropped and that b.
We shall now present below following Appendix B of Ref.
3, a short derivation of the trace identities using the Ward identities for the energy momentum tensor ˆc µν Θ ; the task being easier 6 for the 1 + 1 dimensional case we shall take it up first. The Ward identity for theˆc
is given by [ 3 ] ( ) 
with that for the dilatation current being
where ( ) ( ) x x x δφ = ⋅∂φ . With (7a) and (13) , (14) reworks to
which is (5a). To get eq. (5) ii.
φ , and lastly, the change of the superscript 2 to 3. Thus eq. (14) becomes 7
Using the same steps which led from(13) and (14) to (15) now yields the trace identity (5).
3.A check of eqs.(5) and (5a) without boundaries
We shall now take up for explicit verification the two trace identities for the unconstrained configuration starting with (15). For convenience we start with the r.h.s. of this equation and so let's consider the generating functional for the connected Green's functions given by
with J and K being external sources,W 0 a constant so that the l.h.s. is unity when J = K = 0, and
. For later use we note that:
with ˆc µν Θ being given by (6a), and J(x), K µ (x) and D µ ν (x) being external sources. It is now easy to
Note that the derivative operators in the exponent in (21) act on the ∆(x-y) defined earlier. Eq. (21) now leads to ( )
Identifying eq.(19) with the r.h.s. of (23) thus verifies (15),i.e. the trace identity in 1 + 1 dimensions.
We shall now verify eq. (5) below. It is enough to focus on the first term as the rest of the identity will follow naturally and to this end let's now consider
with the operator
the derivative operators in (24) acting on ∆(x-y),the latter being now defined by (18a) but with the δ-function appropriate to 3 space-time dimensions. Rewriting (24) as
enables us to repeat the procedure adopted earlier for the 1 + 1 dimensional case in verifying 
The l.h.s. of eq. (27) 
which is (5) , remembering eq.(7c) for ∆ (x) .
A check of eqs.(5) and (5a) with boundaries
Let's now first examine the validity of (5a) in the constrained configuration; for this purpose we need to incorporate the Dirichlet boundary condition ϕ (t , x 1 = -a ) = 0 into the generating functional given by eqs. (18) and (21) above and a simple way to do this is to adopt the method of Bordag et al. [ 5 ] in which one uses the Dirac δ-function to redefine the generating functional in 
The effect of the boundary condition now changes (31) to a modified version of (18) namely,
with N a normalizing factor given by 
with H α β as in (21a). To make the above derivation reader-friendly, we shall now go through some of the relevant steps leading from (31) to (34); let's first rewrite (31) as
On transforming to momentum space and changing variables as is done in standard textbooks [ 7 ] , one obtains besides the familiar The above steps also account for the derivation of (35) from (32); let's however anticipate here that it is this addition to the naïve propagator ∆ (x-y) that will be crucial in invalidating the trace identity in 2 + 1 dimensions, while in the 1 + 1 case the trace identity (15) will be maintained because and because the canonical scale dimension d = 0. 
Eqs. (41a) and (41b) immediately lead to ( )
The first and last equality in (42) thus establishes the validity of (5a) in the constrained configuration adopted in this paper; further, just as in the derivation of eq.(23),the first equality has been got purely on account of the cancellation between the first two terms of the r.h.s. of (41b) because in 1 + 1 dimensions. In other words, eq. (15)is preserved when one transits from free space to the constrained configuration defined in this paper earlier. 
[ ] ( )
Reworking (43) in terms of the functional derivative operator G µ ν defined in eq.(26) we get 
s t D J s J t i i s u i s u i u t i u i t u i t u i
Remembering that one can now combine two terms in (48) as follows:
The remainder term in (48) is now
one can now show that ( ) ( ) (
Clearly eq. (51) is the remainder term given by (49c);from (48) and (51) we thus obtain ( )
Let's now use eq.(47a) to rewrite the r.h.s. above as
We shall now rework eq. (52) as
On comparing eq. (54) with (29) above, we notice immediately that the nonzero A in (53) now invalidates the trace identity (29) that was otherwise preserved in free space in 2 + 1 dimensions.
It is instructive to have a second look at A; for this purpose we recall from eq.(40) that 
Note that when t 2 and s 2 are set to -a one can now invoke (55b) to rework A as
Identifying t 2 and s 2 with -a enables us to rewrite eq.(58) as
Clearly eq.(60) matches exactly with the second term on the l.h.s. of eq.(54) strongly suggesting that in the constrained configuration that we have adopted for the purposes of this paper there is an induced anomalous dimension of (1/2) which is equal to the canonical scale dimension for the massive real scalar field; as emphasized earlier this is peculiar to the planar case and does not obtain for the 1 + 1 dimensional case for which the canonical scale dimension of φ(x) is zero. Let's also point out now that the term 'induced' has been used here intentionally in the sense that it has appeared because of the introduction of the boundary, implying thereby that it would disappear when the boundary is removed. In the sense used in this paper therefore there is a qualitative difference between 1 + 1 and 2 + 1 dimensions in so far as the maintenance of the familiar trace identity is concerned on a boundary.
Discussion:
To trace the origin of this 'anomaly' -if one can call it so -in the trace identity it is useful to recall here the functional derivative operator in (26), namely,
Notice that on doing the functional differentiation to calculate the l.h.s. of eq. (48) It is important here to underline an earlier observation in this section that the coefficient of the anomalous term -see eq.(60) above -is the same as the canonical scale dimension which is ½ in the 2 + 1 dimensional case; the absence of the 'anomaly' in 1 + 1 dimensions can thus be regarded as due to the zero value of the canonical scale dimension for φ (x) in this case. It also stands to reason that the 'anomalous' result reported in this paper for the trace identity associated with the Lagrangian for the noninteracting massive real scalar field in 2 + 1 dimensions will definitely prevail -given the premises used in the calculation here -when one extends this investigation to other field theories especially those where the canonical scale dimension is not zero; this is in progress and will be reported elsewhere.
Let's now conclude this paper on a hypothetical but hopeful note; in doing so we are encouraged by the fact that Casimir forces have now been measured precisely, the experiment by Lamoreaux In other words, the idea we are putting across now is at best tentative and needs to be worked on carefully, more so as the Dirichlet boundary condition is now imposed on a single plate in this ;additional features involving aspect ratios as discussed in earlier papers [12] could also perhaps be relevant given the role of dilatations in this paper.
Whereas the above remarks anticipate a future course for the work done in this paper in a vague but qualitative fashion while tuning it to the recent laboratory work mentioned above on the Casimir effect, let's comment finally that an extension of the work reported here to the MaxwellChern-Simon Lagrangian in 2 + 1 dimensions is presently in progress; the details of which will be published elsewhere. 
